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Insecticidal components in the meal of Crambe abyssinica.
Abstract
The defatted seed meal of C. abyssinica was systematically analysed for insecticidal activity against Musca
domestica and the active components were isolated and characterized. 2-(S)-1-Cyano-2-hydroxy-3-butene
(SCHB) and phenylethyl cyanide (PEC) were identified as active components, whereas diacetone alcohol
(DAA), which was identified in the extracts and tested, was not toxic to house flies. The presence of DAA and
PEC in the extracts was confirmed by using gas chromatographic and mass-spectral (GC-MS) comparison
with purchased reference compounds. 1,3-Benzodioxole-5-carboxaldehyde (piperonal, PIP) was also
identified as a possible minor component, but was not tested. GC-MS analysis determined that the
dichloromethane extract of defatted crambe seed meal contained SCHB and crambe oil at a ratio of 5:2, while
DAA and PEC were present in trace amounts. Topical LD50values for M. domestica were calculated for SCHB,
PEC, DAA, crude crambe extract, crambe oil and an "artificial crambe extract" composed of SCHB and
crambe oil in the proportions found in the crude crambe extract. SCHB was found to be the most toxic major
component of the crambe extract. Although SCHB concentration accounted for the toxicity of the artificial
extract, the natural crambe extract was significantly less toxic than would be expected based on SCHB
concentration alone. 2-(R)-1-Cyano-2-hydroxy-3-butene (RCHB), an enantiomer of SCHB which does not
occur in crambe, was extracted from Brassica napus seed meal and tested as well. RCHB was found to be
significantly less toxic to house flies than SCHB.
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ABSTRACT The defatted seed meal of crambe, Crambe abyssinica Hochst
ex. R. E. Fries, was systematically analyzed for insecticidal activity against the
house fly, Musca domestica L., and the active components were isolated and
characterized. 2-(S)-1-Cyano-2-hydroxy-3-butene (SCHB) and phenylethyl cya-
nide (PEC) were identified as active components, whereas diacetone alcohol
(DAA), which was identified in the extracts and tested, was not toxic to house
flies. The presence of DAA and PEC in the extracts was confirmed by using gas
chromatographic and mass-spectral (GC-MS) comparison with purchased ref-
erence compounds. 1,3-Benzodioxole-5-carboxaldehyde (piperonal, PIP) was
also identified as a possible minor component, but was not tested. GC-MS
analysis determined that the dichloromethane extract of defatted crambe seed
meal contained SCHB and crambe oil at a ratio of 5:2, while DAA and PEC
were present in trace amounts. Topical LD50 values for M. domestica were
calculated for SCHB, PEC, DAA, crude crambe extract, crambe oil and an
“artificial crambe extract” composed of SCHB and crambe oil in the proportions
found in the crude crambe extract. SCHB was found to be the most toxic major
component of the crambe extract. Although SCHB concentration accounted for
the toxicity of the artificial extract, the natural crambe extract was signifi-
cantly less toxic than would be expected based on SCHB concentration alone.
2-(R)-1-Cyano-2-hydroxy-3-butene (RCHB), an enantiomer of SCHB which
does not occur in crambe, was extracted from canola, Brassica napus L., seed
meal and tested as well. RCHB was found to be significantly less toxic to house
flies than SCHB.
KEYWORDS Crambe abyssinica, epi-progoitrin, glucosinolate, insecticidal
activity, SCHB
Many projects have examined the insecticidal activities of glucosinolates and
their aglucones isolated from the Cruciferae, and these have been reviewed in the
literature (Duncan 1991, Chew 1988, Fenwick et al. 1983). Seed meal and ex-
tracts of crambe, Crambe abyssinica Hochst ex. R. E. Fries (Cruciferae), have
been shown to display insecticidal (Tsao et al. 1996), nematicidal (Donkin et al.
1995) and phytotoxic (Vaughan & Berhow 1998) properties. Tsao et al. (1996)
found that crambe seed meal was toxic to house fly, Musca domestica L., larvae
1Accepted for publication 27 January 2000.
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when the meal was incorporated into the larval media, as well as to the stored
grain pests the sawtoothed grain beetle, Oryzeaphilus surinamensis (L.) and the
red flour beetle, Tribolium castaneum (Herbst), when the meal was incorporated
into the adult media. Organic and aqueous solvent extracts of the crambe seed
meal were toxic to yellow fever mosquito, Aedes aegypti L., larvae and western
corn rootworm Diabrotica virgifera virgifera (LeConte), larvae (Tsao et al. 1996).
The enzymatic hydrolysis products of crambe’s major glucosinolate, 2-(S)-
hydroxyl-3-butenyl glucosinolate (epi-progoitrin), 2-(S)-1-cyano-2-hydroxy-3-
butene (SCHB) and 5-vinyl oxazolidine-2-thione (goitrin), displayed modest tox-
icity to house flies, M. domestica (Peterson et al. 1998).
In this study, we aimed to isolate and identify active components in the meal
of crambe. Bioassay-directed fractionation was used to isolate components from
crambe seed meal extracts, and topical bioassays were used to determine fraction
toxicity. The active extracts were purified to single chemical components. Our
objective was to determine if SCHB adequately accounted for the toxicity dis-
played by the crambe meal or if other factors significantly contributed to toxicity.
We also examined 2-(R)-1-cyano-2-hydroxy-3-butene (RCHB) from canola,
Brassica napus L., seed meal for comparison to SCHB in order to determine if
configuration about the chiral center was related to toxicity. Progoitrin and epi-
progoitrin, the parent glycosides of RCHB and SCHB, respectively, differed in
their cytotoxic activity to human erythroleukemic K562 cells upon in vitro hydro-
lysis by myrosinase, the difference in activity being ascribed to the R or S con-
figuration about the chiral center (Nastruzzi et al. 1996).
Materials and Methods
Plant material. Defatted seed meal of crambe (C. abyssinica) was obtained
through the Center for Crops Utilization Research at Iowa State University,
Ames, Iowa from National Sun, Inc., Enderlin, North Dakota. Seed meal of canola
(B. napus) was obtained from Agro Oils, Carrington, North Dakota.
General GC Procedures. GC-MS analyses were performed by using a
Hewlett-Packard 5890 gas chromatograph interfaced to a Hewlett-Packard 5972
mass selective detector (electron impact 70 eV) (Wilmington, Deleware). Aliquots
of the plant extract (1ml) were injected in splitless mode onto a 30-m × 0.32-mm
ID DB-1 fused silica capillary gas chromatographic column (J & W Scientific,
Folsom, California). Column conditions were as follows: helium carrier gas flow of
1.5 ml/min, injector temperature 250°C, and a column temperature program of 4
min at 35°C, ramped at 15°C/min to 320°C, and 15 min at the final temperature
setting. Identifications were based on a Wiley 138K mass spectrum library (Wiley
1990) as well as comparisons of mass spectra and retention times of the isolated
materials with those of the authentic standards. Open-column chromatography
was conducted on 2.5 × 40-cm glass columns wet-packed with J. T. Baker silica
gel, 40 – 140 mesh (Phillipsburg, New Jersey). All solvents used were ACS cer-
tified or HPLC grade, purchased from Fisher Scientific (Pittsburg, Pennsylvania).
A Fisher Versa-Bath S, Model 236, was used to heat the soxhlet apparatus.
Samples were removed of solvent by using a Buchi R-114 rotary evaporator.
Extraction procedure. Six 100-g portions of crambe meal were extracted
independently with 500 ml of dichloromethane for 24 hr in a soxhlet continuous-
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extraction apparatus at 40°C. The extract was vacuum-filtered by using a glass
fiber filter (Whatman G6, Hillsboro, Oregon). The six portions were combined,
and concentrated under vacuum to 12 ml at 25°C. A portion (1 ml) of concentrated
extract was mixed with water (1 ml). The mixture separated into three distinct
layers: organic (top, designated T), aqueous (middle, designated M) and what
appeared to be starchy particulates (bottom, designated B). The three layers and
the crude extract were analyzed by thin-layer chromatography (TLC) and visu-
alized with 0.1M KMnO4 spray. Two solvent systems were used; hexane: ethyl
acetate (1: 1) and hexane: ethyl acetate (4: 1). The Rf values of observed spots
were compared to qualitatively compare extractions.
Insect bioassays. All bioassays were conducted on adult house flies (M. do-
mestica L.) (Muscidae) of the Orlando regular strain, reared in our laboratory for
fifteen years. The flies were initially anesthetized with carbon dioxide and kept
inactive by placing them in an aluminum pan which was on an ice-water bath.
One ml of test compound (pure or in a minimum amount of acetone or hexane),
was applied to the thoracic venters of the house flies with a topical applicator
(Model PB-600, Hamilton Co., Inc., Whittier, California). The flies were then
placed in a paper cup supplied with a 2-cm section of cotton dental roll soaked
with water and about 0.5 g of 1: 1 dry sucrose: powdered milk mixture. The top of
the cup was covered with nylon mesh secured in place with a paper ring to allow
direct observation of the flies.
Systematic isolation of active components from crambe. A schematic
representation of the extraction process is given in Figure 1. Bioassay-directed
fractionation of the extracts was conducted in order to determine which compo-
nents displayed insecticidal activity. Two ml from each T, M and B (undiluted)
layer was applied to the house flies and mortalities were recorded at 0.5 and 18
hr. Open-column silica gel chromatography was conducted on T. Fractions were
collected in 25-ml portions, with a solvent system of 4: 1 hexane: ethyl ether for
fractions 1 to 15, then the system was changed to 7: 3 hexane: ethyl ether (frac-
tions 15 to 37), and then 1: 1 hexane: ethyl ether (37 to 56, at which compounds
were no longer observed). The column was washed with 500 ml 100% acetone to
remove any compounds remaining on the column. Five portions were collected
from this column: portion TA contained fractions 1 to 11; TB, 12 to 21; TC, 22 to
40; TD, 41-55; and TE, the final acetone wash. TLC was conducted on each portion
to compare contents. Each portion was tested on house flies as described above,
and mortalities were recorded at 0.5 and 22 hr. Portion TA was subjected to
column chromatography, with 9: 1 hexane: ethyl ether as the solvent to fraction
30, at which time the solvent was changed to 1: 1 hexane: ethyl ether. Three
portions were collected, portion TAa consisted of fractions 3-7, TAb consisted of
8-13, and TAc of 14-38. Each portion was tested on house flies as described above,
and mortalities were recorded at 0.5 and 20 hr. Portion B from the original solvent
extraction, found by using TLC to contain TAc (data not shown), was purified with
open-column chromatography to obtain a larger amount of TAc. Seven portions
were collected from B: BA consisted of fractions 5-20, BB of 21-50, BC 51-65, BD
66-73, BE 74- 88, BF 89-97, and BG 98-115. Each portion, as well as TAc, was
tested on house flies as described above. Hexane was added to portion BC to
dissolve crystals, and to BD and BE to obtain a testable volume. The appropriate
hexane control was conducted, as well as an acetone control, to compare solvent
effects (no mortality was observed for the solvent controls, data not shown). Mor-
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talities were recorded at 0.5 and 23 hr. Testing to the house flies was repeated on
TAc, BA, BB, BE, and BG. One ml was used to determine the most active por-
tion(s). Acetone was added to BB to dissolve crystals, and to BE to bring it to a
testable volume. Mortalities were recorded at 0.5 and 24 hr. Preparatory thin-
layer chromatography (prep-TLC) was run to separate the contents of BB. Hexane
to ethyl ether (7: 3 by volume) was used as the solvent. Individual components
(seven in all) were scraped off the plate, and washed from the silica with dichlo-
romethane. The components were designated as BB(1), BB(2), . . . BB(7) until
proper characterization could take place. The solvent was removed and 1 ml was
tested on the house flies as described above. Mortalities were recorded at 0.5 and
24 hr. The three most active components, BB(5), BB(6), and BB(7), were subjected
to GC-MS to establish the identity of the chemical components.
Chemicals and extracts. Authentic samples of diacetone alcohol (DAA) and
phenylethyl cyanide (PEC) were purchased from Aldrich Chemical Co., Milwau-
kee, Wisconsin. SCHB was isolated in a previous study, reported elsewhere
(Peterson et al. 1998), and RCHB was isolated from canola seed meal via the same
method. Portion TAa, a non-SCHB-containing fraction obtained from the prelimi-
nary bioassay-directed fractionation, was given the convenient name of “crambe
oil” due to its similarity to other plant-derived oils. Crude crambe extract, DAA,
PEC, extracted crambe oil and SCHB were subjected to GC-MS at the conditions
mentioned above in order to determine the ratio of SCHB: crambe oil: PEC: DAA
present in the crambe extract. “Artificial crambe extract” was prepared by mixing
SCHB and crambe oil in a 2.5: 1 ratio.
Determination of LD50. DAA, PEC, crambe oil, SCHB, natural crambe ex-
tract, artificial crambe extract and RCHB were tested topically on house flies and
LD50 values, expressed in mg/fly, were calculated by using probit analysis (proc
probit) on SAS (SAS Institute, 1991). Determination of LD50 values was made
based on three replications, with ten flies per replication, and six concentrations.
Results and Discussion
Identities of components in active portions. Extensive extraction and
purification of extracts of crambe meal yielded 2-(S)-1-cyano-2-hydroxy-3-butene
(SCHB) in some active fractions. Fractions that did not contain SCHB were active
also. These contained (determined by using GC-MS) the following compounds:
diacetone alcohol (DAA); phenylethyl cyanide (PEC); piperonal (PIP); hexade-
canoic acid; (Z,Z)-9-12-octadecadienoic acid; (Z)-9-octadecanoic acid and 1,2-
benzenedicarboxylic acid, bis(2-ethylhexyl) ester. Toxicities of products obtained
from preparative TLC are displayed in Figure 1, and a summary of the probable
components as identified by GC-MS analysis is provided in Table 1.
Diacetone alcohol (DAA; 4-hydroxy-4-methyl-2-pentanone) has been isolated
from sleepy grass, Stipa vaseyi Scribn. (Epstein et al. 1964), licorice, Glycyrrhiza
glabra L. (Frattini et al. 1977) and watercress, Rorippa nasturtium-aquaticum L.
Hayek, headspace volatiles (Spence & Tucknott 1983a) and epicuticular waxes
(Spence & Tucknott 1983b), as well as from cotton, Gossypium spp., where it
exists as an intermediate in mesityl oxide production causing “catty” odors (Hron
& Kuk 1989). Although it is sometimes found as a contaminant in commercial
acetone (Hefetz & Lloyd 1983), no acetone was used in the current extraction
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procedure. In arthropods, it is present in Douglas-fir beetles, Dendroctonus
pseudotsugae Hopkins (Madden et al. 1988), and in the alarm pheromone of
Tapinoma simrothi phoenicea Emery, a species of ant common to Israel (Hefetz &
Lloyd 1983). It mildly improves attraction of Glossina spp. to carbon dioxide-
baited electrocution traps (Vale 1980).
Phenylethyl cyanide (PEC; hydrocinnamonitrile; benzenepropanenitrile) is the
nitrile aglucone of gluconasturtiin, a glucosinolate found in garden cress, Nas-
turtium officinalis R. Br. (Fenwick et al. 1983). Tsao et al. (1996) did not report
this glucosinolate as being present in crambe.
Piperonal (PIP; 1,3-benzodioxole-5-carboxaldehyde) is a methylenedioxyphe-
nyl found in black pepper, Piper nigrum L. (Debrauwere et al. 1975), and as a
minor component of dill, Anethum graveolens L. (Schreier et al. 1981), and rab-
biteye blueberry, Vaccinium ashei Reade (Horvat et al. 1983). It has been found
to inhibit larval development of Drosophila spp. (Ohigashi et al. 1983), reduce
food consumption of, but not repel, honey bees, Apis mellifera L. (Atkins et al.
1975) while being moderately attractive to the males of certain euglossine bee
species (Williams & Whitten 1983). Methylenedioxyphenyl compounds (piperonyl
butoxide being the most commercially important) are highly biologically active,
and serve as synergists for pyrethroid and carbamate insecticides (Matsumura
1985). They have been shown to inhibit rat nasal cytochrome P-450-dependent
monooxygenases (Dahl 1982) and house fly tyrosinase (Metcalf et al. 1966).
Hexadecanoic acid, 9,12-octadecadienoic acid and 9-octadecanoic acid are pal-
mitic acid, linoleic acid, and oleic acid, respectively, commonly found as compo-
nents of plant lipids (Voet & Voet 1995). The compounds of concern here are
lipophilic; therefore it is not surprising to isolate fatty acids as co-extractives with
these active components.
Table 1. Probable identity of components in prep-TLC bands, deter-
mined by GC-MS.
Banda
Retention
time
(min.) Probable identity
Probability
of
match
(%)
BB(5) 5.6 4-Hydroxy-4-methyl-2-pentanone [diacetone alcohol] 78
11.21 Benzenepropanenitrile [phenylethyl cyanide] 81
12.3 1,3-Benzodioxole-5-carboxaldehyde [piperonal] 96
17.76 Hexadecanoic acid [palmitic acid] 93
18.87 (Z,Z)-9,12-octadecadienoic acid [linoleic acid] 90
18.97 (Z)-9-octadecanoic acid [oleic acid] 86
21.27 1,2-benzenedicarboxylic acid, bis(2-ethylhexyl) ester 80
BB(6) 5.4 4-Hydroxy-4-methyl-2-pentanone [diacetone alcohol] 56
11.19 Benzenepropanenitrile [phenylethyl cyanide] 87
18.96 (Z,Z)-9,12-octadecadienoic acid [linoleic acid] 95
BB(7) 5.58 4-Hydroxy-4-methyl-2-pentanone [diacetone alcohol] 74
aSee Materials and Methods, Systematic isolation of active components from crambe, and Fig. 1 for
extraction process.
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Fig. 1. Extraction scheme for isolation of components from crambe meal. *Portions containing SCHB. †Portions displaying toxicity.
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1,2-Benzenedicarboxylic acid, bis(2-ethylhexyl ester), also known as bis(2-
ethylhexyl) phthalate, is often used as a plasticizer in the manufacture of certain
plastics (Budavari et al. 1996). Our laboratory has detected this compound (via
1H-NMR) in crambe meal in the past while isolating and confirming the identity
of SCHB (unpublished). At the time, we assumed it to be a contaminant resulting
from conducting dichloromethane extractions in high-density polyethylene
(HDPE) bottles. We modified our extraction procedure and HDPE products were
not used at any point in this study. This leaves a few possibilities: (1) this com-
pound occurs naturally in crambe, (2) we have isolated a product which according
to MS and NMR is very similar to this phthalate, (3) previous handling of the
crambe meal (harvest, defatting or storage) has resulted in contamination, or (4)
an unknown source of this contaminant exists in our method. The latter two
possibilities are the most probable in the current situation.
Reference standards of DAA and PEC, along with isolated crambe oil and
extracted SCHB, were subjected to GC-MS. DAA and PEC were confirmed as
present in the crude crambe extract through comparison of GC retention times
and mass spectra between the crude extract and reference samples. A ratio of 5:
2: trace: trace was determined by using GC-MS for SCHB: crambe oil: PEC: DAA
in the crude extract. SCHB and crambe oil were mixed in this ratio to constitute
an “artificial crambe extract” to be used in toxicity testing. PIP exists at too low
of a concentration in the extract to be detected by GC-MS.
Mass spectral data. 2-(S)-1-Cyano-2-hydroxy-3-butene (SCHB): EIMS (70
eV) m/z 96 [M+ − 1] (0.5), 69 (4), 57 (100), 55 (16), 51 (5), 41 (25), 40 (14), 39 (16).
This is in agreement with published spectra (Vaughan & Berhow 1998). Diac-
etone alcohol (DAA): EIMS (70 eV) m/z 116 [M+] (0.01), 101 (11), 59 (36), 43 (100).
Piperonal (PIP): EIMS (70 eV) m/z 150 [M+] (80), 149 [M+ − 1] (100), 122 (4), 121
(38), 91 (19), 65 (54), 63 (85), 38 (23). Phenyl ethyl cyanide (PEC): EIMS (70 eV)
m/z 131 [M+] (14), 91 (100) 65 (21). 1,2-Benzenedicarboxylic acid, bis(2-
hexylethyl) ester: EIMS (70 eV) m/z 279 (6), 167 (25), 148 (100), 103 (16), 57 (60),
41 (54).
Topical toxicity tests. Topical bioassays were conducted with PEC, DAA,
SCHB, crambe oil, natural crambe extract and artificial crambe extract against
M. domestica and the following LD50 (95% fiducial limit) values were calculated
(mg/fly): 268 (215, 325) for PEC, 17.4 (11.7, 23.0) for SCHB, 304 (247, 362) for
natural crambe extract, and 25.8 (20.8, 31.0) for the artificial extract. Determi-
nation of LD50 values for DAA and crambe oil was not possible since the highest
dose tested (1000 mg/fly) resulted in 20% mortality for DAA and no mortaility was
observed for crambe oil at this dose.
PEC, PIP and DAA occur in small amounts in the crambe extract and we do not
believe they significantly contribute to the toxicity of the natural crambe extract.
It was only through repeated concentration of large amounts of extract that we
were able to isolate these components.
Testing of the artificial crambe extract resulted in the LD50 values we expected
based on the toxicities of the components, SCHB and crambe oil. The artificial
extract contained about 72% SCHB, and had an LD50 value of 25.8 mg/fly. This
corresponded to 18.6 mg/fly pure SCHB, which was within the 95% fiducial limit
of pure SCHB’s LD50 value of 17.4 mg/fly. SCHB alone explained the toxicity of the
artificial extract. The dichloromethane crambe extract contained between 40 and
50% SCHB, and its LD50 value of 304 mg/fly corresponded to an SCHB dose of 122
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mg/fly, much higher than the LD50 value observed for pure SCHB. Even if we
assumed only 40% SCHB in the natural extract, and use the lower 95% FL, that
would give an LD50 of 99 mg/fly, which is much less toxic than SCHB in pure form.
SCHB and RCHB were tested in a head-to-head comparison of toxicity. An
LD50 value of 27.7 mg/fly (24.8, 30.8) was found for SCHB and 143.2 mg/fly (120.9,
164.1) for RCHB. These two compounds are structurally identical except for con-
figuration about the chiral center, but have significantly different toxicities.
RCHB does not occur in crambe, and was tested here due to the extensive litera-
ture related to its presence in canola (Brown & Morra 1995, and references
therein).
SCHB was the most toxic compound found in large proportion in natural
crambe extract. When mixed with the non-toxic crambe oil, the toxicity to flies
decreased as expected based on dilution effects. The natural crambe extract,
however, was much less toxic than was predicted based on its SCHB content. It
is possible that other compounds in the extracts had the effect of lowering the
toxicity of SCHB to house flies, perhaps by interfering with SCHB penetration or
by inducing detoxifying enzymes within the insect’s body. It seems that the in-
secticidal efficacy of crambe extracts may be improved by purification to maxi-
mize SCHB content. For reasons as yet unclear, SCHB is significantly more toxic
to house flies than its enantiomeric counterpart RCHB.
The use of glucosinolate aglucones from crucifer seed meal against insects and
other pests may be economically feasible for at least two reasons. First, removal
of the glucosinolates and their aglucones from the seed meal may enhance the
value of the meal as a potential livestock feed, and secondly, any bioactive (e.g.
insecticidal) extract or compound obtained may be of value itself.
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